This study characterised the pattern of oxygen consumption (Vo2) in healthy infants and children asleep and awake (at rest) in a thermoneutral environment. Measurement of respiratory gas exchange (Vo2 and Vco2) was made using an open circuit flow through system of indirect calorimetry with a specially designed facemask for the collection of exhaled breath. Fifty two healthy subjects aged 4-5 months to 12-8 years were studied for 15-20 minutes; 18 during sleep and 34 at rest (awake). There was a curvilinear relation between V02 and age in the two groups and children aged 2 years or less had the highest values. The value of Vo2 was significantly higher in the awake subjects (12.5-15.0 ml/min/kg compared with 7 5-9-0 ml/min/kg in sleeping children). Comparison of the regression lines after log transformation of these data showed a significant difference in Vo2 of resting and sleeping subjects up to the age of 9.5 years. (Arch Dis Child 1993; 68: 658- Recent studies of the metabolic response to burn injury in young children has shown marked fluctuations in oxygen consumption during the acute post-burn period (C Childs, unpublished data). Whether these changes represent a deviation from the normal range is unclear because so little is known about metabolic activity in the healthy young child, particularly under the special environmental conditions in which burn patients are nursed.
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It was therefore essential to study a group of healthy children of different ages, exposed to similar conditions as the patients, to act as a control group. Of particular interest were those children under the age of 5 years because this is the age group in which childhood burns and scalds most often occur.
I Healthy children were recruited as a control group and were studied either at rest or during sleep in a warm, approximately thermoneutral environment. They were similarly insulated to the patients, with bandages covering 20% of the body surface, an insulation of about 0-2 C1o2 and equivalent to a lightly clothed subject.
While providing important data for our studies of patients with buims, the results have also allowed us to characterise metabolic activity in childhood and consequently they may be of interest to others studying metabolic activity in young children. The other four children were originally recruited for group A (and were thus prepared and bandaged as described for group A) but because they fell asleep during the measurements they were assigned to group B. As a result of the difficulties in measurement of oxygen consumption in young children it was not possible to design the study so that each child was studied awake and then again after falling asleep.
Subjects and methods

SUBJECTS
EQUIPMENT
Before the study began measurements of body temperature (measured in the mouth or axilla) were made and the child's height and weight were recorded. After an initial settling in period measurements of respiratory gas exchange were made using a specially designed open circuit flow through system of indirect calorimetry. A detailed account of the method of construction, principle of operation, assessment, and calibration of the system has been reported elsewhere3 but a brief description of the method of gas collection is relevant here. Children in groups A and B were prepared for the study as described earlier. Each child was studied only in the company ofa parent and in some instances with a sibling (if more than one child from a family had been recruited for the study). A single measurement was taken in each child. Measurements began once it was clear that the child was comfortable, relaxed, and at rest or (for group B subjects) had been asleep for at least two hours. The child's expired gas was collected into a hard, clear, plastic facemask, which was developed for the specific requirements of this study. Unless stated otherwise comparisons between groups were made using the Wilcoxon test for unpaired data.
Results OXYGEN CONSUMPTION Figure IA shows the measured oxygen consumption (mllmin/kg) in 18 sleeping and 34 resting subjects with respect to age. Oxygen consumption in resting children aged 2 years or less was within the range 12x5-15-0 ml/min/k& but in sleeping subjects of a similar age Vo2 was significantly lower (about 7T5-9-0 ml/min/kg; p<0-01). In the two groups Vo2 was highest in the children aged 2 years or less, decreasing with age to reach 4 0-5-0 ml/min/kg at 12-14 years, values which approximate to oxygen uptake in adults.
The relations between Vo2 and age were curvilinear and best described by a parabolic regression in the resting (r=0 940) and the sleeping (r=0-918) children. Log transformation of these data produced linear relations between log Vo2 and age ( fig IB) and comparison of these regression lines showed that the slopes were significantly different (p<0-001) with a significant difference in elevation of the two lines (p<0-001) up to the age of 9 5 years.
A normal range (mean with 95% confidence intervals) for Vo2 at a given age was obtained from the parabolic regression line and is shown for sleeping and resting subjects (fig 2) . 14 The respiratory exchange ratio was calculated from measurements ofVo2 and Vco2. In sleeping children studied 2-11 hours (median five hours) after food, the respiratory exchange ratio ranged from 0 75 to 0 90 (median 0-81). In children studied awake and at rest (1 5-4 0 hours, median three hours after food) the respiratory exchange ratio was significantly higher at 0-71-1-03 (median 0-86) (p<0-01). (fig 3A) . This was not so for the children at rest, however, in whom the measured metabolic rate was higher than pre- Despite some differences in environmental conditions and body coverings all the children in this study were considered to be in an approximately thermoneutral environment at a temperature range falling between the range of thermoneutrality for adults9 and the neonate.'" For those children exposed to ambient temperatures in the range 28-33°C, insulation with bandages to about 20% of the body would not be expected to affect thermoregulation."I For the children studied in bed, measurements of air temperature under the bedclothes showed that almost all of the body was exposed to thermoneutral conditions; the face was generally the lo 11 12 13 14 only part of the body exposed to a lower air temperature. By studying children at, or close children askep to, thermoneutrality, the influence of environparabolic mental factors known to affect metabolic rate can Ice limits.
be eliminated.
From measurements of respiratory gas ist marked in exchange and the respiratory exchange ratio, the metabolic rate was calculated. Owing to the difficulty (and cost) of measuring respiratory gas exchange by indirect calorimetry in sick or injured patients, doctors often refer to nomothis study has grams or equations to predict metabolic rate and in of oxygen From observations made during the measurements it was clear that children under the age of about 2 years do not 'relax' or 'rest' as an older child does. There is always some degree of fidgeting, even in the most cooperative of young children. It is this min activity which was thought to offer the best explanation for the higher Vo2 in the resting subjects under the age of2 years compared with the values for Vo2 in the sleeping children of the same age. The importance of dietary induced thermogenesis should not be overlooked, however. The time interval between the last meal and measurement of Vo2 was shorter in the resting than in the sleeping children. Perhaps not surprisingly, therefore, the respiratory exchange ratio tended to be higher in the resting subjects. Thus calculated metabolic rate at a given Vo2 will be higher in the resting than in the sleeping children. This effect is insufficient to account for the very marked differences observed in the youngest children, however.
The measurements of Vo2 and metabolic rate in sleeping and resting children will help us to interpret the changes in metabolic activity in children with burns during the acute phase after injury.
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